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ABSTRACT: In the Ins t i tu te  for  Flight Mechanics of the DVL a reactor 
arrangement with a maximum output of 100 kg w a s  investigated 
a8 an expedient f o r  the termination of dangerous spins on 
an airplane of the I% 56 type. 
reproduce the influence of a disturbance of the steady spin 
condition by a pitching o r  yawing moment. 
The tests were meant to  
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b. Main T e s t s  
5 .  FORMULAS FOR EVALUATION 
6 .  ~ S U L T S  
The frequency of accidents in  t e s t  fl-lghts with new models, the spin 
characterist ics of which are unknown, ca l l s  for  expedients which would 
support the p i lo t  i n  terminating that  f l i g h t  condition when dangerous 
spins, not immediately terminable by controlmeasuree, OCCUS. 
not absolutely necessary tha t  the spin stop completely, if  o n l y  the 
It is 
*"Verauchsfliige z u r  Erprobung eines Riickstossers a l a  H i l f s m i t t e l  zum 
Beenden g e f e l i c h e n  Trudelns." 
bei  der Deutschen Versuchsanstalt f u r  Luftfahrt, E .  V., Berlin-Adlershof, 
Forschungsbsricht N r  1027, February 25 , 1939. 
Zentrale fur wissenschaftliches Berichtswesen 
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expedient enforces a nev steady-spin condition which can be terminated by 
the customary control movements. 
On the whole, a spin may be regarded as dangerous i f  high angles of 
attack are attained where the t a i l  surfaces are shielded or the flow at 
the t a i l  separated, so tha t  the rudder e f fec t  i s  no longer suff ic ient  t o  
disturb the gyroscopic moments responsible f o r  the equilibrium. 
exceptions are known: cases of dangerous steep spins with likewise too 
small rudder effectiveness, or, inversely, cases of f lat  spins with 
extremely high elevator forces which the p i l o t  cannot overcome. 
However, 
It would best  serve the purpose t o  perfokn the investigation on an 
airplane i n  a dangerous spin. Hogever, since so far no f l i g h t  t e s t s  
exist concerning another eqed ien t  that  would of fe r  100 percent safety 
and since the e f fec t  of the reactor i t s e l f  i s  s t i l l  unknown, the investi-  
gation must, for the time being, be performed on an airplane the steady 
spin condition of which may be sa t i s fac tor i ly  terminated by control 
movements . 
In using the reactor the question a r i ses  whether the disturbance 
should be applied about the Y o r  Z body axis. 
is  not quite jus t i f ied ,  since the thrust  increase of t h i s  arrangement 
may only l a s t  0.2 t o  1 second overall. 
here since deTrices of  such type are h & n  i n  l i t e r a tu re  under that name. 
The designation "reactor" 
Nevertheless, it is  used 
If the spin is  to be terminated by a pitching moment, one s t a r t s  
from the presupposition tha t  the pitch of the spinning airplane 
increases un t i l  subcri t ical  angles of attack are reached where an 
autorotation i s  no longer possible. 
arrangemsnt is  i t s  symmetry due to which the same arrangement may be 
used f o r  l e f t  and r igh t  spins. 
The msin f ac t  in  favor of t h i s  
However, experience (par t icular ly  on dangerous models) and deliber- 
ation show tha t  a termination of spin by a damping of the rotation by 
means of applied yawing moment i s  preferable . 
The f l i g h t  measurements described i n  the present report are f o r  
the purpose of eliminating t h i s  lack of c l a r i t y  i n  the opinions f o r  
and against pitching o r  yawing moment, respectively. 
the t e s t s  are designed t o  give information about the approximate order 
of maeitude of the disturbance forces t o  be applied. 
Furthermore, 
2 .  SYMBOLS 
The symbols used here comply w i t h  the most  recent f l i&t-mchanical 
The coupling angles of the three coordinate systems are best  standards. 
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represented by figure 1. 
brief ly .  
The rest of the e ~ o l s  w i l l  be discussed o n l y  
There are: 
R (sec-1) the resultant angular velocity about the spin axis  
w8 
R 
v 
the angular-velocity components fixed i n  a i r c ra f t ,  posit ive 
f o r  rotat ion t o  the r ight  sec -1 
the components of the resul tant  air-force acceleration 
fixed i n  aircraft, positive i n  the direction of the 
posit ive axes 
(m/sec) r a t e  of descent 
(m) spin radius 
(.m/sec) resultant velocity 
spin coefficient m A '= -2v 
The t e s t s  are performed i n  a l e f t  spin. Then one has f o r  the signs: 
For the coupling angles the pitch i e  always negative. If the bank 
becomes negative, it signifies an inward trlnrming. A positive angle of 
s ides l ip  correeponds t o  the inwad skidding favorable for spin recovery. 
3 .  TEST METHOD 
For the detemination of the coupling angles and other important 
character is t ics  of the spinning airplane it is  necessary t o  measure the  
var ia t ion with time of %he quantit ies necessary for the evaulation method. 
For t h i s  inveatigation the determination of  the angular-velocity and 
acceleration components fixed in  the a i r c ra f t  and of the rate of drop 
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is sufficient.  This i s  done in the simplest manner by means of the "auto- 
matic observer" developed by the DVT, a Ezl t iple  measuring apparatus which 
combines all instruments and records t h e i r  indications cinematographically, 
together with a stop watch, during the tests. For supervision and control 
of the reactor a manometer is instal led which gives, moreover, the moment 
when the disturbance is se t t ing  in. 
4. PERFORMANCE OF THE TESTS 
a. Lnstallation of the Reactor Arrangement and 
Preliminary Tests 
For reasons of safety the fuel  supply equipment of the reactor k s t  
be instal led behind the seat of the p i lo t ,  separrated from it by a f i r e -  
proof bulkhead. 
fuselage into the proximity of the t a i l  surfaces, thus influencing the 
aft position of the center of gravity and, even more, the moments of 
iner t ia .  
The fur ther  masses are dlatributed over the en t i re  
Due t o  the t e s t  instal la t ions,  an increme of the moments of 
i ne r t i a  about the center of gravity of 
2 
2 
AIy X 25 m kg sec 
AIz 25 m kg sec 
occurred. The gyroscopic pitching moment, 
which i s  always positive, increases thereby quite substmtial ly .  The 
increase amounts i n  t h i s  case, fo r  angular veloci t ies  assumed constant, t o  
The equilibrium of  the pitching moments may, therefore, lead to  
larger angles of attack and hence t o  f la t  dangerous spins. 
reasons it was necessary t o  produce i n  a second airplane of the 
FW 36 type, by m e a n s  of weights which could par t ly  be discarded, the 
same af t  position of the center of gravity amd, by stages, the same 
moment-of-inertia conditions and surface l o u n g e  If a dangerous spin 
appeared f o r  some conclition, approximately as mch ba l las t  i n  the fora  
of lead shot could be dropped as t o  restore again the mss distribution 
of the former harmless s t a t e .  
For these 
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The f l i g h t  t e s t s  with the comparative model up t o  the 881138 m a s s  
distribution of the test ‘carrier resulted in a hmmles~s spin though with 
mall rudder effectiveness. 
During the preliminary t e s t s  the reactor w a s  used only f o r  production 
of a yawing mmnt directed againet l e f t  spins. 
was instal led below the fuselage, d i rec t ly  i n  front of the skld. 
distance.from the center of gravity of the airplane was- 9 m. 
The disturbance nozzle 
Its 
The max3mum output of the diqturbance nozzle i n  these t e s t s  wa8 -45 kg 
and the maximum thrust  of the f l i gh t  t e s t s  did not bring conclusive resul ts .  
The reactor which w a s ,  as aLready mntioned, instal led below the fuselaw 
produced, aside *om the desired yawing moment, another mhent about 
the longitudinal axis with unfavorable effect  t o  spin recovery. 
Thus the preliminary t e s t s  were concluded and the disturbance nozzle 
was converted t o  a larger output of-100 kg. 
was impossible due t o  reasons of strength. The reactor was put higher 
up i n  the fuselage end so that  the l a t e r a l  t h rus t  force went through the 
longitudinal axis and the additional undesirable ro l l ing  moment waa 
eliminated. With relatively s m a l l  expenditure of work the disturbance 
nozzle could be s m  about by goo i n  order t o  produce a negative pitching 
moment. 
A further thrust  increase 
b. Main Tests 
Star t ing from the preliminary t e s t s ,  the reactor w a s  at f i r s t  
instal led acting about the ver t ica l  axis. 
thrust  of 20 kg and went up t o  the maximum output by 20-kg stages. 
One s tar ted again with a 
The disturbance must occur every time under the same circumstances, 
that  I s ,  i n  each t e s t  f l i g h t  one must wait u n t i l  the steady condition is  
attained. In general, a spin is  t o  be regarded as steady when the f l i g h t  
and an&w velocit ies and the accelerations do not show any more variationa 
w i t h  time. The airplane with the reactor  instal led,  however, shows, with 
the present m w s  distribution, osci l la t ions about all three axes w i t h  
par t ly  considerable amplitudes which give a f t e r  a few turns (f ive at the 
ITK)t3t) UneqUlVOCally a mem value so that one may speak of a pseudo-steady 
i n i t i a l  s ta te .  
While the disturbance w a a  se t t ing  i n  the p i lo t  continued keeping the 
control surfaces deflected with the spin. 
deflectione, stops were provided f o r  the three control surfaces. Although 
t h i s  position of the control surfaces considerably weakened the effect  
of the reactor it had t o  b9 retained fo r  the following reasons: 
In  order t o  maintain the same 
If the rudder o r  elevator is mved perhaps t o  zero position, i n  
which the a i l emn  has been from the beginning, there resul ts  i n  general, 
depending on the rudder effectiveness, e i ther  the ending of the spin o r  
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a new steady condition with smaller pitch. 
state one departs from the actual conditions which (as mentioned at the 
beginning) require the application of an expedient chibfly for a flat spin, 
and renounces, moreover, the safety guaranteed by the pro-spin control- 
surface conditions. By movement of the control surfaces every airplane in 
a hamless spin can be trimmed into an unstable condition, which can be 
terminated by a miniman disturbance. Such facilitations w o u l &  falsify the 
results. 
stick forces which the pilot could not overcome, the control surfaces were 
partially deflected with the spin comglylng thereby with the measures 
undertaken in the investigation for safety. 
about 22 seconds, thus for 100 kg about 4.5 seconds, and enforces 
immediately a new steady condition which the pilot terminates only after 
ending of the thrust performance. 
"reactor" in the symmetry plane which now yields pitching moments in the 
same magnitude - is performed under the same conditions. 
In the case of a steeper initial 
In the cases (mentioned at the beginning) with extremely large 
The disturbance, eqery time of equal momentum, is of 20 kg thrust for 
A second test series - with the 
The thrust direction of the reactor for both test series can be 
seen from figure 2. 
' 5. FORMUUS FOR EVALUATION 
For every test flight the initial condition and the steady condition 
appearing during the period of reaction of the disturbance are defined by 
the characteristics indicated below. 
(a) Resultant fli&t and angular velocity.. Spin radius. 
The accelerations used here m e  different fmm t he  measured ones, 
since the measuring instruments do not lie at the center of gravity of 
tlie airplane; they are corrected according to a method not mentioned here. 
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(b) Pitch and benk, comas8 au?l e .  
sin 9 = 
tan,cp = 
s in  IJ = 
3 
b, - g e in  9 
m2 cds 9 
WZ 
Lastly, the more i l l u s t r a t ive  basiklng angle # ' i s  determined, which 
gives the incl inat ion of the transverse axis toward the horizon. 
sin # = sin cp cos 9 
( c )  Ande of attack and of s idesl ip .  
s in  p = - W s  (sin 4 cos Jr  sin cp - sin IJ cos 9) - 7sin cp cos 3 
V 
RR COB 4 C O S  '# w8 8 h  8 - -- cos a = - 
V cos p v cos p 
Approximately, one may put : 
cos $ = 0 
V 
then one obtains 
cos a = - sin 9 
a - g 0 - 4  
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The quantities determined according t o  these fonmtlas a m  plotted against 
the mment coefficients of the disturbance referred t o  t l ie i n i t i a l  condition. 
The following symbols s i g d f y :  
S thrust  of the reactor 
ZD distance of the reactor f romthe center of gravity 
s semispan 
2 mean wing chord 
The above re la t iona l  apply t o  the perfectly steady condition; thus 
the man values of the measured quantities mus t  be inserted. 
6 .  RESULTS 
In figures 3 t o  6 the meaaured results of four f l i g h t s  are plotted 
as examples; two show the influence of the reactor as yawing moment, the 
two others the disturbance as pitching moment. 
effect  seem t o  be the same up t o  the maximum output of 100 kg. 
the application has las ted a short tFme, a f t e r  about a half turn, a 
new steady condition appears i n  which particularly the considerably 
maJ.ler amplitudes and frequencies (see figs.  4 and 5 )  of t h e  oscil-  
la t ions about the three axes f t m d  i n  aircraft are noticeable. This 
phenomenon may s t e m  from the greater s t a b i l i t y  caused by the disturbance 
moment 
For both ser ies  the 
After 
However, the evaluation shows the effect  of the two arrangements 
The measured points i n  the plot 
t o  be completely different i n  its direction. 
i n  figures 7 and 8. 
same in i t ia l  condition w a s  attained. 
signify the steady condition appearing during the disturbance. 
The results are compiled 
It is  noteworthy that  f o r  each test f l i g h t  the 
lLn a report t o  be published shortly the fomulas and equations used 
are derived. 
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It can be seen from the variation of the pitch tha t  the pitch, contrary 
t o  expectation, is not influenced by the pitching mmnt and t ha t  t h i s  
arrangement, therefore, fails completely i n  the measured range. In 
addition, the bank shars unfavorable behavior: it causes a l i f t i n g  of 
the inner w i n g  and supports the autorotation by the outward skid connected 
with it. The damping in  roll  decreases and thus causes the increase of 
the resultant angular velocity represented in figure 6 .  
has remained approxhmtely constant and is ,  on the whole, i n  equilibrium 
with the centrifugal force, the spin radius must reduce i n  proportion t o  
the increasing angular velocity. 
i n  the measuremnt ( f ig .  8) . 
A s  the  l i f t  
This e f fec t  also becomes clear ly  m a n i f e s t  
In contrast t o  the arrangement above, the influence of the yawing 
moment Jus t i f ies  a prediction of spin recovery i n  case of a s l igh t ly  
larger  thrust .  
variation of the bank causes by a Yurther lowering of the inner wing 
the expected increase of the inward skid. 
about the monoplane tha t  autorotation i s  Impossible beyond an inward 
skid of about 5 O .  
Even i f  the p i h h  is increa8ed on ly  slightly, the 
In general, it may be said 
If a statement has t o  be made concerning the prospective magnitude 
of the required s idesl ip ,  t h i s  can be done on ly  by an extrapolation of 
the angle of s idesl ip ,  which has t o  be received with the utmost caution. 
For l inear  extrapolation a thrust  of approximately double magnitude 
resul ts ;  actually, hodever, the inward skid probably increases, with 
increasing output of the reactor, mre strongly than l inearly.  
With an airplane of the Fi 56 type tests were performed concerning 
spin recovery by means of a reactor azrangement. 
dfaturbance nozzle, the thrust  of which acts upon a lever am of 
apiproxlmatelg 4 m, may be increased f r o m  20 t o  100 kg. 
show tha t  an anti-spin moment about the ve r t i ca l  axis increases, i n  the 
measured range, the inward skid about l i nea r lywi th  thrust  and could 
w e l l  bring about spin recovery i f  the output of the reactor w e r e  somewhat 
larger.  
and even results in  new steady conditions which are more  dangerous than 
%he ini t ia l -condi t ion.  
The output of the 
The measurements 
In contrast, the application as pitching moment proves unfavorable 
Translation by Mary L. MElhler 
National Advisory Committee 
f o r  Aaronautics 
I 1111111111. I-, 
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Figure 1.- Axes fixed in  aircraft: x,  y,  z. Axes fixed relative to the flight 
Axes fixed relative to the ground: x , y , z g g g' path: X a ,  ya, za. 
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Figure 2.- Thrust directions of the reactor. SM thrust for production of a 
pitching moment. SN thrust fo r  production of a yawing moment. 
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Figure 3.- Flight NO. 5 - FW 56 - Pilot: v.K6ppen - SN = 40 kg - 
November 12,1938. 
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Figure 4.- Flight No. 7 - FW 56 - Pilot: v.Koppen - SN = 80 kg - 
December 1, 1938. 
NACA TM 1221 
I 
0 
-1 
-2 
-3 
8' 
I I 
i I 
2 
g 
0 
-2 
4 
I 
I 
2400 
m 
2200 
2000 
1800 
1600 
1400 
1200 
Tim e 
Figure 5.- Flight No. 11 - FW 56 - Pilot: v.K6ppen - SN = 80 kg - 
December 6,1938 
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Figure 6.- Flight No. 13 - FW 56 - Pilot: v.Koppen - SN = 100 kg - 
December 8, 1938. 
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